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Executive Summary  
 

Snohomish County implemented two estuarine restoration projects on neighboring areas ς Smith Island 

and Mid-Spencer Island. The Smith Island restoration site, set across more than 300 acres in the 

Snohomish River estuary (Figure 1), was re-connected to tidal and river inundation in August 2018 after 

85 years of floodplain isolation. Tidal marsh restoration is a critical Chinook salmon recovery action in 

Puget Sound (Cereghino et al. 2012), particularly in the lower Snohomish estuary (SBSRF 2005) where 85 

percent of historical tidal marsh was lost due to industrial, urban and agricultural land uses (Haas and 

Collins 2001). The primary purpose of the Smith Island project was to re-establish a functioning and self-

sustaining estuarine tidal marsh by restoring tidal hydrology, tidal channels, and multiple locations of 

tidal connectivity. As such, the project provides critical blind tidal channel rearing habitat for salmon 

species and other native fish.  The primary purpose of the Mid-Spencer restoration project is to re-

establish new tidal connections through the remnant dike to improve tidal connectivity and fish access 

ǘƻ ǘƘŜ ƳŀǊǎƘ ǇƭŀƴŜ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ǎƛǘŜΣ ǿƘƛŎƘ ǿŀǎ ƴŀǘǳǊŀƭƭȅ ōǊŜŀŎƘŜŘ ƛƴ ǘƘŜ мфтлΩǎ. These projects 

are among several important Snohomish Estuary restoration projects (Appendix A). 

This Snohomish Estuary Monitoring Project was funded by NOAA Coastal Resiliency grant awards and 

was administered by Washington Department of Fish and Wildlife as an Estuary and Salmon Restoration 

Program (ESRP) Learning Project documented as RCO PRISM project (16-2152M). This report fulfills Task 

4 (Appendix B) to complete a Final Data Report, that άǿƛƭƭ ŎƻƳǇƛƭŜ Řŀǘŀ ƎŀǘƘŜǊŜŘΣ ŀƴŀƭȅǎƛǎ ŎƻƴŘǳŎǘŜŘ 

and offer recommendations for furthŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎΦέ  Reporting will be uploaded to 

PRISM in Washington State and made directly available to stakeholders as part of implementing the 

Data Sharing and Information Plan (Snohomish County 2018). 

This report includes key monitoring effectiveness metrics requested by NOAA and summarizes 

monitoring activities, level of effort, locations established/sampled, data collected, and initial results or 

findings. Monitoring effectiveness is also guided by project implementation objectives, monitoring 

questions, documenting as-built conditions, and formalizing expected outcomes. Table 1 includes the 

monitoring performance metrics by NOAA (Appendix B) for Smith Island with columns 1 and 2 published 

in the Snohomish County Estuary Monitoring Plan (Table 2 in Snohomish County 2018,). Year 0-1 

information provided in this report is described in Column 3 unless, as noted, they are reported 

separately. 

Monitoring data and observations collected to date support all of the following statements: 

¶ Smith Island was built as designed and fully exchanges tidal cycles. 

¶ Smith Island increases marsh area, channel connections, and blind tidal channel area, replacing 

historical loss of habitat area for juvenile salmon. 

¶ Salmon were observed using all parts of Smith Island including the East Tidal Channel, 

constructed Starter Channels, Everett Channel, and the front of the new setback dike. In 

addition we observed most other typical estuarine rearing fish species. 

https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-2152
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¶ Temperature and salinity were as expected for this part of the estuary (Hall et al. 2018) and 

supportive of salmon rearing in throughout the majority of spring and early summer, prior to 

outmigration at the onset of warmer weather (Chamberlain et al., in review),  

¶ Vegetation in Year 1 was, as expected, in a state of die-off and large trees began to blow over 

during the first winter storms. We anticipate die-off of upland plant species will continue for 2-4 

years, but we have already observed emergent marsh species colonization and expansion. 

It is anticipated that some data will be integrated with other regional monitoring and so may be 

contributed to NOAA-NWFSC, Tulalip Tribes or ESRP as part of tracking restoration project outcomes.  

For example, Snohomish estuary-wide analyses of fish data will be led by NOAA-NWFSC science staff. A 

cumulative summary of results and interpretation of longer-term changes and relevance to salmon 

recovery will, in most cases, require longer periods of time (3-5 years) from the project initiation and 

baseline characterization and are anticipated to be completed after 5 to 10 years.  
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Figure 1. Locator map of the Snohomish River estuary, Smith Island and Mid-Spencer project sites, and the extent of 2019 
LiDAR collection. Appendix A shows other Snohomish Estuary restoration projects.
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Table 1. NOAA Grant award monitoring performance metrics. Unless otherwise noted, performance metric is included in this report. 

Tier I Implementation Performance Metric 

Metric Units, Frequency, Products/Deliverable Year 0-1 Reporting 

Land Elevations Restoration designs and Post-construction as-built drawings - prepared and stamped 

by a licensed professional engineer/professional land surveyor, will show existing and 

proposed elevations and cross-sections for structures, channels, wetlands, and 

floodplains, final elevations and cross-sections of structures, channels, and land 

installed/altered by the project, and be surveyed into a known elevation benchmark 

and referenced to a standard geodetic datum.  

Designs and as-built inventory were 

provided separately to grant and permit 

agencies under separate grant agreements 

- available at PRISM online for projects 16-

1559 and 09-1279.  

Hydrology - 

Water Levels 

Pre- and Post-restoration hydrographs - generated by collecting water elevations 

using at least three data loggers (upstream and downstream of a removed tidal 

restriction, and one to correct for atmospheric pressure) surveyed into the same 

elevation benchmark/datum as the as-built drawings/project plans. Document the 

new flooding regime to determine consistency with restoration goals. 

Pre- and Post-restoration hydrographs and 

supporting Figure 22 and Figure 24, 

documentation, photos (and video) of 

water levels 

Tier II Implementation Performance Metric 

Metric Units, Frequency, Products/Deliverable Year 0-1 Reporting 

Photo points Establish җ мл photo points; Photograph twice per year, once in June/July and once in 

Nov/Dec until determined not necessary. Deliver GPS coordinates, bearings, map and 

annual winter/summer photos covering grant award period. 

Maps of established photo point locations 

(Figure 6). Pre-project and Year 0-1 photos 

at >50 sites. 

Time-lapse 

photo/video 

Establish at least one daily time-lapse camera/video at one large Smith Island breach 

location (prior to breaching) and maintain for җ1 year post-breach. Provide video 

rendering of breach. 

Description of video/time-lapse effort and 

products to date ς Web links are at Smith 

Island project website. 

Surface 

Elevation 

Tables/ 

Sediment Pins 

Establish җ4 Rod Surface Elevation Tables (RSETs). Measure RSET elevations semi-

annually. Deliver GPS coordinates, RSET elevation benchmark, and elevation 

measurements covering grant award period (with NOAA & Tulalip Tribes). Establish җ 

50 sediment pins based on channel proximity, elevation, and vegetation. Deliver GPS 

coordinates, initial sediment/pin elevations, and measure semi-annually covering 

grant award period. 

Map of 4 RSET and 64 sediment pins 

(Figure 12), description of installation, 

measurements, initial interpretation, and 

photos. 

https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1559
https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-1559
https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=09-1279
https://snohomishcountywa.gov/1150/Smith-Island-Restoration-Project
https://snohomishcountywa.gov/1150/Smith-Island-Restoration-Project
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Table 1. Continued. 

LiDAR/ Aerial 

Photos 

Acquire LiDAR (Light Detection And Ranging) at low tide post-breach. Provide LiDAR 

Digital elevation model, maps, and data collection report from vendor. 

Completed data acquisition, processing, 

report and mapping examples (Figure 4). 

Using available aerial photo imagery, establish baseline and biennial channel count, 

length, surface area calculations in GIS.  

GIS based maps (Figure 34) and channel 

metrics (Table 12). 

Field Surveys 

(RTK-GPS) 

Establish baseline cross-section and profile measurements at җ 5 channel locations. 

Measure annually. Provide plots of channel profile/cross-sections and changes 

covering grant award period. 

Map of 84 cross-sections (Figure 40) and 

profiles and Appendix E of 25 cross-

sections and profile plots. 

Water level 

(above), 

Temperature, 

Salinity 

Establish άǳǇǎǘǊŜŀƳέ ό{ƳƛǘƘ LǎƭŀƴŘ-нлмуύ ŀƴŘ άŘƻǿƴǎǘǊŜŀƳέ ό¦ƴƛƻƴ {ƭƻǳƎƘ-2016) 

water level, temperature, salinity and barometric sensors (15-minute recording 

interval downloaded quarterly); Provide map and daily pre- and post-breach data. 

Reported observed year 0-1 salinity and 

temperature from tidal sensor location. 

(Figure 29 and Figure 31). 

Vegetation 

succession 

Establish җ20 5x5 m2 random vegetation plots and 12 line-intercept transects across 

elevation gradient. Sample 1 m2 random quadrat among plots/line transects in years 

0, 1, 2, 3, 5, 7, 10. Provide vegetation locations (mapped) and results. 

Map locations of 100 vegetation plots 

(Figure 47) and elevation data with initial 

results.  

Map major vegetation classes and mudflat to estimate composition as a percent of 

total area and change (based on 2-year NAIP aerial photos/vegetation plot data). 

Provide baseline map covering grant award period. 

Pre-project vegetation community (Figure 

45) for future comparison, potential marsh 

and mudflat areas (Figure 35). 

Invasive 

vegetation 

Perform annual post-breach invasive vegetation reconnaissance in restoration area. 

Map locations of invasive weeds and document treatment (type/area). 

Invasive weed control effort (Figure 57) 

and other observations. 

Beach seine to 

quantify fish use 

Collect monthly (Feb-Sept) pre-project and post-project fish use data at Smith Island, 

Mid-Spencer, Union Slough and System-Wide sample locations with beach seine. 

Provide data to NOAA-NWFSC for database. Provide map of sample site locations and 

tables/figures of fish use by month by major site.  

Maps of locations sampled in 2018 (pre-

project and 2019 (Year 0-1) (Figure 60) 

and initial results of catch by location and 

month. 

Reporting/ 

Communication 

Create Data/Information Sharing Plan. Make data visible, accessible, independently 

understandable no later than 2 years post-data collection. Provide Snohomish County 

URL or other hosting URL (if NOAA Restoration Center/ NOAA-NWFSC). 

This report fulfills reporting and 

communication for Year 0-1 

implementation and monitoring.  
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Introduction  
 

Snohomish County implemented two estuarine restoration projects in 2018 and 2019 on neighboring 

areas - Smith Island and Mid-Spencer Island. The Smith Island restoration site, set across more than 300 

acres in the Snohomish River estuary (Figure 1), was re-connected to tidal and river inundation in August 

2018 after 85 years of floodplain isolation. At the Mid-Spencer restoration site, remnant dikes were 

removed in 2019 to increase accessibility for juvenile salmon rearing. Tidal marsh restoration is a critical 

Chinook salmon recovery action in Puget Sound, particularly in the lower Snohomish estuary where 85 

percent of tidal marsh was historically lost due to industrial, urban and agricultural land uses (Haas and 

Collins 2001).  

Important objectives for estuarine marsh restoration, and salmon recovery in the Snohomish basin 

(SBSRF 2005) are to: 

¶ Reestablish tidal hydrology with full inundation and evacuation; 

¶ Renew sediment processes ς transport to, deposition within, and accretion over time; 

¶ Reestablish, reconnect and enhance lost delta area and increase tidal channel network; 

¶ Recruit and store large woody material; and 

¶ Reestablish and enhance native vegetation communities within the project wetlands and control 

invasive plants. 

The primary purpose of the Smith Island project was to re-establish a functioning and self-sustaining 

estuarine tidal marsh by restoring tidal hydrology, tidal channels, and multiple locations of tidal 

connectivity to the isolated site. As such, the project provides critical blind tidal channel rearing habitat 

for listed salmon species and other native fish in the Snohomish River basin.  Anticipated outcomes from 

this project are consistent with a conceptual model for estuarine delta restoration from Simenstad et al. 

(2006), where reintroduction of the full tidal prism is expected to restore processes, create structural 

changes, and lead to improved access, capacity, and functions for juvenile salmon and other fish and 

wildlife. The primary purpose of the Mid-Spencer restoration project was to re-establish new tidal 

connections through the remnant dike. The goal was to improve tidal connectivity and fish access to the 

marsh plain within the project ǎƛǘŜΣ ǿƘƛŎƘ ǿŀǎ ƴŀǘǳǊŀƭƭȅ ōǊŜŀŎƘŜŘ ƛƴ ǘƘŜ мфтлΩǎ.  

Historically, Smith Island and part of Mid-Spencer were predominantly located in the emergent/ forested 

transition (EFT) zone (Figure 2) that contained preferred habitats for juvenile Chinook salmon, including 

blind tidal channels and distributary channel edge habitat. The lost marsh area affected the number and 

area of blind tidal channels, which were filled or isolated behind dikes. Haas and Collins (2001) found 

that 61 blind tidal channels and their drainage networks were lost across all marsh areas including the 

Estuarine Emergent Marsh (EEM) and Forested Riverine Transition (FRT) zones, representing about 75% 

of the blind tidal channel area in the lower Snohomish Estuary. The loss of this channel and habitat type 

disproportionately affected the rearing habitat capacity within the estuary which supports juvenile 

Chinook salmon smolt production in the emergent/forested transition zone. The reduction in blind tidal 

channels accounts for 62-98% of this estimated reduction in rearing capacity for Chinook salmon from 

1884-1996 (Haas and Collins 2001). Now, the Smith Island and Mid-Spencer projects are among several 
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sites in the Snohomish Estuary (Appendix A) where the combined tidal marsh restoration area is 

anticipated to exceed 1700 acres, more than doubling the 1996 estimate of tidal marsh area.  

 
Figure 2. Snohomish Estuary historic vegetated tidal marsh zones (from Haas and Collins 2001). Smith Island and Mid-
Spencer locations are indicated with an open square. 

This report is ŀ ǇǊƻŘǳŎǘ ƻŦ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ 5ŀǘŀ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ {ƘŀǊƛƴƎ tƭŀƴ (in Snohomish County 

2018), supporting reporting and communication. Snohomish County objectives are to document 

implementation and progress by sharing data and information from four project phases; pre-

construction, design, implementation, and post-construction effectiveness monitoring. Pre-construction 

ŀƴŘ ŘŜǎƛƎƴ ǇƘŀǎŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀƭǊŜŀŘȅ ŘƻŎǳƳŜƴǘŜŘ ǿƛǘƘƛƴ twL{aΣ ²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜΩǎ tǊƻƧŜŎǘ 

Information System1 Φ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ ƛƴƛǘƛŀƭ implementation and effectiveness monitoring efforts 

in 2018 and 2019 for the Smith Island and Mid-Spencer restoration projects are reported here and 

completes obligations for the Snohomish Estuary Monitoring Project, funded by NOAA Coastal Resiliency 

grant awards (#NA13NMF4630142 and #NA16NMF4630008), administered by Washington Department 

of Fish and Wildlife as PRISM project 16-2152M (Appendix B). This report will also be archived in PRISM 

and made available ŀǘ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅ {ǳǊŦŀŎŜ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘΩǎ ǿŜōǎƛǘŜ ŦƻǊ ǘƘŜ {ƳƛǘƘ LǎƭŀƴŘ 

project2 at: 

www.surfacewater.info 

                                                           
1 https://secure.rco.wa.gov/PRISM/search/ProjectSearch.aspx - {ŜŀǊŎƘ ά{ƳƛǘƘ LǎƭŀƴŘέ ƛŦ ƻǘƘŜǊ ƭƛƴƪǎ ŀǊŜ ōǊƻƪŜƴΦ 
2 https://snohomishcountywa.gov/1150/Smith-Island-Restoration-Project 

https://secure.rco.wa.gov/prism/search/projectsnapshot.aspx?ProjectNumber=16-2152
http://www.surfacewater.info/
https://secure.rco.wa.gov/PRISM/search/ProjectSearch.aspx
https://snohomishcountywa.gov/1150/Smith-Island-Restoration-Project
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It is anticipated that data and information sharing will also occur through presentation of project results 

to technical and non-technical audiences to fulfill project communication objectives. It is the policy of 

Snohomish County Department of Public Works to share and/or distribute, upon request, the project 

Geographic Information Systems (GIS) data collected by our department, when such requests are not 

made formally under the provisions of the Public Records Act (PRA), RCW 42.56. This policy is designed 

to both encourage transparency and open government with availability of project GIS data upon 

request. This report may describe some monitoring results or site conditions that overlap with 

information needs applicable to permit compliance or mitigation. 

In order to tell the story about the changes and outcomes observed over time at Smith Island and Mid-

Spencer and relate that to project goals and objectives, our project communication objectives based on 

initial monitoring reported below is included in Table 2. Note that not all communication objectives can 

be met after one year. 

Table 2. Snohomish Estuary monitoring communication objectives for monitoring elements and project sites; Smith Island 
(SI) and Mid-Spencer (MSp). 

Project Communication Objectives Monitoring 

Elements 

Show what restored tidal exchange at Smith Island looks like (photos and time-

lapse video) and how Smith Island and Mid-Spencer appear to change over time. 

Site Appearance 

& Change (SI, 

MSp) 

Describe the maximum area of restored tidal hydrology. 

Show how the restored tidal hydrology matches that of tidal elevations in Union 

Slough, indicating full tidal exchange. 

Map and describe the number of tidal drainage basins created by the tidal prism 

and affiliated drainage connections to Union Slough.  

Post-restoration 

Hydrology (SI) 

Show the total tidal channel length, surface area, number of connected tidal 

channels, and branching order.  

Show the initial baseline and describe subsequent changes in profile and cross-

sectional area that occur over time.  

Report results over time and use regional contexts/datasets described by Hood 

(2014) in comparison to other restoration sites. 

Tidal channels 

(SI, MSp) 

Describe the new tidal channel area, woody debris accumulation or change, low 

tide pond area, water temperature, salinity, dissolved oxygen levels in terms of 

suitability for rearing salmon. 

Habitat/ Water 

quality (SI) 

Show the magnitude of sedimentation post-construction and how elevation 

changes over time compares to estimates of sea level rise (SLR).  

Describe whether sedimentation rate is different at Smith Island compared to 

other sites.  

Sedimentation 

(SI, MSp) 
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Project Communication Objectives Monitoring 

Elements 

Describe the fish species composition, size, origin (hatchery or wild) and density by 

date (migration timing). Provide an estimate of the salmon rearing capacity. 

Fish use (SI, 

MSp) 

Compared to the pre-construction vegetation community, map or show the die-off 

area (mudflat), and initial zonation (elevation, salinity, inundation) of the changing 

vegetation community.  

Describe changes in vegetation over time and how they are indicative of site 

trajectory or benefit for biota. 

In the long term (>10 years), describe changes in marsh vegetation that may 

interact with sedimentation and elevation. 

Vegetation (SI) 

Highlight whether small starter channels (breach and length) remain stable, 

expand, or fill? Document cover, scour and/or sediment storage functions from 

constructed wood treatments or naturally occurring woody debris. 

Constructed 

habitat features 

(SI, MSp) 

 
 

Monitoring Strategy  
 

The monitoring strategy is informed by an interrelated set of pre-project conditions, assumptions from 

regional knowledge, project objectives and design choices, monitoring questions, and management 

information needs. Various monitoring efforts will cover three project phases; pre-construction, 

implementation (the baseline), and post-construction.  

To restore tidal marsh access and function for juvenile salmon with the 326-acre Smith Island site, the 

dike was removed at three locations; a total of 4,340 linear feet of dike was removed. Smith Island is 

now bounded by a new set-back dike to the west and City of Everett to the south. At Mid-Spencer 

Island, 1745 feet of dike was removed to allow greater tidal exchange and enhanced connectivity for 

juvenile fish rearing at the site. In addition to dike removal at Smith Island, one remnant natural channel 

was reconnected to Union Slough, one large, sinuous, bifurcated channel was constructed (City of 

Everett Mitigation Channel), and 15 smaller channels were excavated and connected to Union Slough. 

¢ƘŜǎŜ ǎƳŀƭƭŜǊ ŎƘŀƴƴŜƭǎ ŀǊŜ ŎŀƭƭŜŘ ά{ǘŀǊǘŜǊ /ƘŀƴƴŜƭǎέ ŀǎ ǘƘŜƛǊ ƭŜƴƎǘƘ ŀƴŘ ŀǊŜŀΣ ŀƳƻƴƎ ƻǘƘŜǊ ŎƘŀƴƴŜƭ 

metrics, are more likely to change over time due to tidal exchange, sediment dynamics, and flow 

partitioning among these channels or other factors. At Mid-Spencer, excavated channels were 

constructed across the former dike footprint.  Other important project components at Smith Island 

include woody material installation, connection or filling of agricultural ditches, and retention of 

forested area that will die-off from tidal inundation. Woody material was also installed at Mid-Spencer. 

The initial monitoring strategy and evaluation of the projects will focus on the as-built baseline of dike 

breach connections, restored tidal hydrology, tidal channel configuration and dimensions, vegetation 

baseline and invasive non-native plants, sedimentation, and fish use (site access). Long-term monitoring 




















































































































































































































































































































